In view of the well recognized differences between sickle and normal hemoglobin (1, 2) , it was thought that a comparative study of the affinities of sickle and normal hemoglobin for oxygen as shown by the oxyhemoglobin dissociation curve would be of interest.
MATERIAL AND METHODS
Material: A large number of African blood donors were tested for the sickling phenomenon using the sodium hydrosulphite technique (3) .
All donors were healthy mine laborers acclimatized to manual work on the Witwatersrand Goldfields. Of the seven subjects studied with the sickle cell trait, two came from Angola, two from Nyasaland and one each from Portuguese East Africa and Tanganyika. The seventh subject was a South African born Indian. One of the cases of sickle cell anemia studied has been described in greater detail elsewhere by Altmann (4) . The three other cases of anemia were South African born Indian children all over 4 years of age whose grandparents came from Surat, near Bombay. Controls were selected from European hospital patients admitted for unrelated complaints. All cases of the trait studied had been resident at the altitude of Johannesburg' for a minimum of 10 weeks. The cases of anemia were all permanent residents of Johannesburg.
Method: Arterial blood was drawn directly into heparinized syringes. Twelve ml. samples were equilibrated in tonometers of approximately 90 ml. capacity for 20 minutes at 370 C. with gas mixtures containing nitrogen, carbon dioxide and oxygen in varying amounts so as to give three or four points on the dissociation curve. The carbon dioxide was maintained at a gas tension of approximately 34 mm. Hg which is the average normal alveolar CO, tension for this altitude 1 (5 (5) .
RESULTS
Results are tabulated in Table I , and are represented graphically in Figure 1 which shows the individual points from which the curves were derived.
The significance of the differences of the mean PO2 (6) . However, the interest in these results lies not so much in the position of the normal dissociation curve at this altitude as in the difference between its position and that of the cases of sickle cell anemia or trait.
Only one record of the oxygen dissociation curve of whole blood from a case of sickle cell anemia was found in the literature (10) . In this report the curve of the case of anemia is shown graphically to be shifted to the right of a normal curve which on scrutiny is found to be in the position of Dill's normal curve at blood pH of 7.2. It is not clear from the text if the curve of the anemia subject was corrected to the same cell pH as the normal with which it was compared. The authors concluded that the shift in the position of the curve was not peculiar to the sickle blood but was probably due to anemia and a decrease in the cell pH coincident with insufficient oxygenation.
Other workers have reported a similar shift to the right of the dissociation curve in various types of anemia even when the cell pH, carefully controlled, is comparable to that of the normal curves used in comparison (11) (12) (13) . Dill and his coworkers (11) produced evidence to show that in pernicious anemia there was certainly a relative alkalosis of the serum and probably relative acidosis of the cells. These changes they felt were quite sufficient to account for the shift in position of the curve which returned to a normal position when adequate treatment had led to a return to normal in the blood count.
Kennedy and Valtis (13) also found that the oxygen dissociation curve of blood of cases of Addisonian anemia and cases of hypochromic anemia lay to the right of that of normal blood, but this shift in position was not demonstrated in cases of hemolytic anemia. They too drew attention to the lowered cell pH as a factor which may have been responsible for the shift of the curve to the right but concluded that this was not the only factor as some displacement to the right was apparent even when results were corrected to a constant cell pH.
It is quite possible that the lowered cell pH may have been responsible for some of the displacement of the dissociation curves found in the sickle cell anemia bloods studied here. In support of this, the cell pH calculated by the method of Keys, Hall, and Barron (6) was lower in the cases of anemia than it was in the normal series (see Table I ). As has been mentioned the corrections to a constant cell pH may not be valid here as they are based on data for normal hemoglobin and may not be applicable to sickle hemoglobin. Thus one may not assume that the corrections applied here ruled out the effects of variations in the cell pH on the position of the curve. However, it seems most unlikely that a cell pH so slightly different from the normal should be solely responsible for the striking shift of the curve of sickle anemia blood to the right (13) , and some other factor must be contributing to the shift in position.
A factor which may have influenced the position of the curve is, of course, the pCO2. Table I indicates that despite efforts to keep the pCO2 constant in all studies, the mean pCO2 for the experimental points calculated in the cases of sickle cell anemia was higher than the mean pCO2 for the normal group or the group exhibiting the trait. Nevertheless, the studies of Haldane and Priestley (14) make it reasonably certain that a difference of 4.3 mm. Hg in pCO2 could not on its own account for a shift in dissociation curve of the extent noted in the cases of sickle cell anemia.
On the other hand changes in the cell environment, particularly electrolyte changes, may well have been most important in influencing the position of the curve. Such an explanation could reconcile the results reported here with the studies of Wyman and Allen (15) who showed that the dissociation curve of dialyzed solutions of sickle hemoglobin is no different from the dissociation curve obtained on dialyzed solutions of normal hemoglobin similarly prepared. In other words the difference in the oxygen affinities of sickle anemia hemoglobin and normal hemoglobin is apparently only demonstrable when the two types of hemoglobin are studied in their natural plasma environment. The influence of the hemoglobin environment on the oxygen dissociation curve has been previously demonstrated by Wyman, Allen, and Smith (16) who showed that the difference in the oxygen affinities of fetal and normal hemoglobin was due to dialyzable factors. An analogous situation appears to have been demonstrated here in the difference between the oxygen affinities of sickle and normal hemoglobin. The hypothesis that the hemoglobin environment is responsible for the difference in oxygen affinity demonstrated here appears to fit our findings better than the suggestion that the difference in oxygen affinity is due to differences in the inherent properties of the two hemoglobins.
The conclusions to be derived from our studies on sickle trait hemoglobin are confused by the results in one case of sickle cell trait which differed greatly from the other 6 cases. Excluding this one case the mean PO2 for Hb = HbO2 of sickle trait hemoglobin was significantly different from the mean normal PO2 for Hb = HbO2 (p = > .01). When this case is included, the scatter of results makes the difference of no statistical significance (p = .2 to .1). On account of the unusual results, this case was studied on three separate occasions within a period of 3 months to make certain that technical errors could not have accounted for the result obtained (PO2 for Hb = HbO2 was 22.8 mm.). Electrophoretic studies on the blood of this case gave results similar to those in the other cases of the sickle cell trait and consequently afforded no reason for the curve of this case being so differently placed from the curves of the other sickle trait blood examined. The rarity of the sickle cell trait in South Africa has made it not possible to determine, by the study of a larger series, if the exceptional case in the present series of 7 must be regarded as significant.
SUMMARY AND CONCLUSIONS 1. The oxygen dissociation curve of blood from 4 cases of sickle cell anemia studied by the in vitro tonometer method was significantly displaced to the right of the dissociation curve of blood from 10 normal subjects.
2. The oxygen dissociation curve of blood from 7 cases of sickle cell trait studied by the same method showed no such significant displacement.
3. These observations in conjunction with the work of Wyman, Allen, and Smith (15, 16) on the oxygen affinity of dialyzed solutions of sickle and normal hemoglobin are consistent with the hypothesis that this difference in oxygen affinity is due to dialyzable factors, i.e., the serum environment of the cell rather than actual differences between the affinity of normal and sickle anemia hemoglobin for oxygen.
